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(54) GROWING METHOD OF BARIUM TITANATE SINGLE CRYSTAL USING ABNORMAL PARTICLE GROWTH 
(57) Abstract: 

PURPOSE: A growing method of a barium titanate single crystal 
using an abnormal particle growth is provided which enables to 
mass-produce the subject compound. CONSTITUTION: In the 
manufacturing method of a BaTiOS single crystal, the single 
crystalis grown by (a) producing a particle with a twin plane (111) 
by mixing one or more components selected from the groups of 
□20, V205. Mn02. CuO, B203. AI203. Si02. Ge02. P205. and 
PbO as a nucleating agent with a raw material of BaTiOS or (b) 
allowing the particle with the twin plane to attain an abnormal 
particle growth after a previously grown particle with a twin plane is 
added as a seed. The process enables a larger single crystal of 

good quality to be obtained in a simple manner compared to the conventional growing method 
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BaTiOaSi ^^'Olj 2:5ii;y|^A^ LigO. V2O5. MnOg. CuO. B2O3. AI2O3. SiOz. GeOa. P2O5, PbO^ 01^015! 

^oiiAi ^eia 6m EEfe n oi^^si «goi sis m^^m ^d\o\o\ ^xHaigoii (111)^^§s^ 

m ^X\m m'^M3\Di U. Oiai ossein) EiX^S eXfSCseed)^^ oigSf 

04 OlS ^X\^^B ±^^(±^^) OilU gJiilSfSi gXH£lg(gXllg)(HI mB BaTiOg 



dl§^^ EJ^SS 0|g§i EI&<1^ y^g(BaTi03) BIS 

S ^'SOll COe bl§^^ gj^S (:2i^S)e BaTiOa^ll ^SA| ^bl€i Aia^ UEiy 

l\\2^^ ^ ^^SOij d^^F B^SO! ^^£1 AISSI 2I^3f OIS^EH BaTiOa B^SMM SOI^^fe Af 

£!. SI 

X1I3£^ ex^S(seed)e Olg§^ BaTiOa B^S XIIS (§XilS) AISl £:?IU ^BSSOIQ. 

[:?!^^on 

e i^Se BaTiOa:^!! ^^^Oil 510101. ^61 ^xHdl^Oil ^XFMOll dIoH ^X\J\ 



1 



S^^SI ^0143799 



ifssai EJB^^ mg(BaTiQ3) essB as^x^M2^ mm s omei g mn^^i nam 

^[(substrate) JHS^A^£ 3 eSOl DICHS^Gi. BaTIOgSi fe^ ^2^3} gge^^sj s^g 3^^^ 

^lexHsoii ^ts eei^^^i aa. naiu BaiiOa e^s ^^oife hd^si ^bi 

X\x\ mo\^ MSO\Q. S ^'S^ 4igB0IU S& BaliOa Sg§ Iil2EA|. SfiJBIS SIJJsKM 

BaTiOa^l B^S ^SOH^ §111801 OlgS OIEH slEOII^ zone melting TSSGgg OlSt.^ 

g =01 stasia ewis^ B^se 4- 91^ «^so^A^ ^ai oiga 

?i9,U. 01 OH BaTiOa B^S(:4^^ Ubl^^SOIEI 1,^) ^ Imra 0I6^2J ^3H1^ 4^ mm £j a:?IH 

5fg ^OlOlAi 9g§S| ^Jll gSOll ^'e<^ SiD, gX}§ (Top-seeded 

Soluli^n Growth: TSSGS) S Oia§[ §Xllg3^ sBg^^^lSSI SSBS ^5K)i ggtl ^I^^ m 

^^mo\ Di9\ an a:>p^ s BaiiOa b^ssi ^^oii oig § 4^ sife ^'c-ix4 sixib. oiae^ 

Ferrite 2f BaTiOa^llOilAH^ 4:^011 SISH B^SM ^SoUlW offe B?:?^ A|£S bt SID. 01^ B 

4:^X^101! ^0] :1^^6r>1U. St^^JB^ ^ OIM ^^Hdlfe^^^Mi BXI 9^J.\?}9\ ^ 

xlOIOII S\m sgniso^ B^SM ^§AI5lfe ^^SOISiCI. 0I^^§^ ^^s^ ex-iOll 

AH Ol^OiXIfe aSCHl dims 4- giM B^ BSSSi SSOl Sl)l^0l£f 4 SIQ. f^Ji^ 

aia 0! j^sm ass^t ^g6^o^ HigAh o.^§oj?^ ^k:>, ^b^io^ ^ai ^ms EJx^sBOl 

bisk^ SXISi fiios ^m^ ^ 2ADB gxHEIOil £JoH BISM 4 SA^ XOID. Zl£iU bl§^^ 

oj^goi soiu^ »^s^^£ n ssapi^ chbsi o\d^m ^b o^u^^, n 4^:?^ as 



7H 



Dl£i ^^B (111) ^^§Bm D\B 2^J}m ^X^§(seed)o^ '^Oig ^. (111) fe^SBg EjX^ 

tji§^t oj^se B^sg ^^5ffe ^^goii s^a. (iii)^^§&m 2^x\o\\ bi§ 
Af oi^goj BHS ols olsmB 4:ix-ji^¥E:i ^:hi m\js\ e B^se 4^ 

oiQ SSI oiait^ (111) fe^gsi rii^SE ms\ 5EB o^u^^ ^:)\m mow 

^^^01 2 xf^ ^^^-^S^S ^OlUfe fe^S. ^ TPRE (Twin-Plane Reentrant Edge) SSi^l^^^f 

g ^vgo] 5c sn^oj ^xig ui^Sl g& (^^ :?|g) e 5lCHt[ gOIBAH B^§g ^^mfe 

131^21 g^aiaoii si& fe^:?i2i bi§^^ sas^ st^si^ ^^soii sici. ej^iaoii 

AH^ (111)^^§£| Bg§£l gAIOII B^AI^Of 8^fe 391^*01 me^S BofOI. ^OiXI^ 

b5§^ 1 mm 0\o\S\ ^M^ 4 mmaiJ^HIB ^§01 ^0\Q . ^B (111){&§&M :>\^ SJXfS 

eXKseed)§^^ Mgmo^ g^qi^OIIAH ^SA|9lfe SSS ^^^2) S£j X^^MIHI S 



3S0IU. S ^'SOl 01^ ^ 



[^Al 01111 

BX^ e4H^ BaTiOa^J ^leOil (111)fe^§BS SXfS ^^511 SPI ?ioHAH OlMSi ^SAj^l 

^ Sf^a ^:?faiaa. 0\tim S^^l^ LIsO. V2O5. WnOz. CuO. BA. AI2O3. SlOz. GeOz. pa. PbO^ 01^ 
Oia 201IA1 S!Q SE^ 3 01^^21 ^^01 ^D\B ^S.m^m BaTiOaSt §i,^§.K:i. Oms\ SStilfe 

eWOil {m\ ^ SA^U □I:>H 4^ mol% 0I6^S ^D\B9iO. 0\^J\\ gS§ WI1£ 

Oil SAIS b^2l ^^01 ^4§^ BaTiOa ^lXlI2j g^^EOll ^ O.OIgg «3 6lS ISOMPa 21 §4S^M « 

gxiis xii^m^a. 01 ^gx^iM 1300-c uixi uoo'csi 380iiAH §AiB ^xHdia^B 

wi2i sif^^ (111) Mfges ^^a3 ois¥£i e bis^^ ^x^ (b^§) s 4 

a. 01 m9\ cHSf Aieis zso^s^oiaa. Mga siss^^B 99.9% o\^2\ 

Al 2,^01 



lb^i^^f^ ^AI0l|2| ^S] 

016K sEBe &^36^o1 s ^^S2i b^^^§^ ^Aloll:?^ ^^aiisi d{ 

AlOllOil t^SS^ 3ie 0\L\Q, 



^oi 5]^^^^ ^oixife B^§5i 4-^ (^^^1)21 ^ oiU£^ ai ms} 

:^^^^m 3>]1 2|^tia BIS «I^AI ^^&£SAH^ ^•^SOl ^Olk^ Bg2j 3&0I fi^ 

£jQ^ M^go^ b:hi if^mn^ ^^oi ^laoio^ ^a. big^^ ^x^2^ 

4^M'^010t ^gOilAHfe S:?tg2i g^S ^^SPISD^ 261&1 ^^§21 ^^Ml a^fe 

=^01 ^ai&ai ^012| ^gB4Me 4 •C/minB S¥M :^l^^^ 5i01 SAlQSia. 4:^A| 

bi§^» gj^si mm aiboii b^ssi 4^ ch^^ 4:)H oia^^ ^ 4^ aiaa. siOzM s^ixii 
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e gXfS(seed)os VS^ gf^S ^^^v UEiyiD. OBlAi ^ fe^S^ (111) fe^S&g P^S 

a. 

^ [^AI0II2] 

§H!^/d^ KF. BaF2: BaCU. PbO. NaF. K2CO3 mm AfSmH Oi:?IOil BaTiOgM 10-20 mol% 01 

CQlOil iSiiXi!^ LiaO. VA. MnOz. CuO. BA. AIA. SiOz. Ge02. PA. PbO^ 0l¥0i5! 20iiAH SfU 

SEfe 3 Ol^^St SSOl SP^S aSSSM 4^mol%LH21S 01 U9\ AIS ^bl^ «13£01l 

u&yi bsssi iiootc oiaa e^e^ a ^eoiiai am^i §se ^xi ^ 

850"C5?txi M^om oi^oisa. y^t^sEfe g§ ssoii asisass sgsaHW e ^^soiiAife □ 
^ 2or/h oim^ 8^aa. oia& sas gaiaoiiAisi uui^^s ssaa samu. ^^6i e 
^^soiiAH^ ^^gm^ (111) a»M seixiisi a«Ai5i:>iU oia ^ 

Ols eiX^M ^CH^^^Mi TPRE(Twin-Plane Reentrant Edge) ^Sg CH^ SB^Jog 

^ggvxjoi ^ ^^^e^ (100) soisiQ. a>elA^ &g§e ^B(cuttinQ)6^^ ssol^fi6^xl act. 

OI^Ail BaTiOaHi Bg§ ^«a011A^SC^ gf^^ ^ &g§S 4^ 2A2i 

a. 

oi£[ Bg§ ^^eoii/^fe Efg§ ^^soiiahsj mm^ §,^xm i?!^ eoi ^fierxi s 
iiH^oii e 3:?ioii mt^oi aoi ^sai^ ^ s^^oi. B^se □^^^ o^^^^v 4. o^q^ ai 

SSCI 01^ ^^aS BaliOaOilAH ^ 0\L\E} ^^§01 £^ . Oiig mO\ LiNbOa. 

LiTaOa. Diamond. Si. Ge. BeOeOilAH£ SS^ 4^ ailPlOII CH^ E 2I0IM S^^Q. 



(5ZJ ^^Sl 
1 

BaTi03^l BgS# Hl^&S^fe ^^aoil SiOiAH. BaTiOgSl S^^Oil Sfi!J3iSAi LigO. VzOs. MnOg. 

CuO. B2O3. AI2O3. Si02. Ge02. PA. PbO^ Ol^Oj^ ^OilAi sfU £fe 3 01^^21 ^i^i^o 

SMI (111) gJX^M ^^6f:?1U OIEI (HD fe^S&e ^Xfe SXf§(seed)H 

s «oi ^ ^. (111) ss&e ^»xF£^Ei bis^^ Eissm ^^54 Bg§# 

2 

gXilOil BaTiOaM ^im^ BaTiOa^l Bg§e ^yi^&mfe ^^^(^^1^)011 S^OIAH . BaTIOa^l IIS 

oil SSjUlSAi LigO. VA. MnOz. CuO. BA. A1A. SiOg. GeOg. PA. PbOS 01^012 ^OilAH <M§«a mU 

EEfe n oi^^Hi (111) fe^s&m I'm &'x^M ^^a^>iu oiai (iii) ^^§b 

e ^xfM ^oi^ ^. (iii) ^x^s^ei hh^^ ^^34 Bg 

§g ^^o^fe sis ^SHS 5ffe Bg§ Tyiss. 
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